Introduction
Although the long-term rate of increase of atmospheric CO: is essentially the same in both hemispheres (-1.4 ppm yr-• during [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [Conway et al., 1994] ), annual mean mixing ratios are higher in the Northern Hemisphere. The annual mean Barrow, Alaska-South Pole difference is currently -4 ppm. This difference is maintained because -90% of fossil fuel CO: emissions occur in the Northern Hemisphere [Marland et al., 1994] , and interhemispheric mixing occurs on a timescale of 1-1.5 years [Law et al., 1996] . Keeling et al. [1989] have shown that the north-south difference is increasing because of increasing anthropogenic emissions in the Northern Hemisphere. If the measured difference between Mauna Loa and the South Pole is extrapolated to zero fossil fuel emissions, CO: concentrations in the Northern Hemisphere are lower than in the Southern Hemisphere. Keeling et al. [1989] proposed that such an extrapolation reveals the preindustrial surface CO: latitude gradient, and they hypothesized that it was caused by vigorous uptake of CO: in the North Atlantic Ocean balanced by loss from the southern oceans. These ideas were given a different interpretation by Taylor and Orr [1997] . Adopting Keeling et al. 's [1989] hypothesis that the extrapolation to zero fossil fuel emissions represents the preindustrial CO: gradient at the Earth's surface, they attributed the lower annual mean Northern Hemisphere CO: concentrations This paper is not subject to U.S. copyright. Published in 1999 by the American Geophysical Union.
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to covariance between seasonal variations in atmospheric mixing and a seasonal terrestrial biosphere which acts as a source during the winter and a sink during the summer. Since the preindustrial biospheric source and sink are presumed to be annually balanced, no net annual mean sink is implied at middle to high latitudes in the Northern Hemisphere. Translated to today's conditions, Taylor and Orr [ 1997] asserted that no significant terrestrial sink at midlatitudes is necessary to explain the relatively small observed north-south gradient [Tans et al., 1990 ] because, in their view, a balanced biosphere would already counteract the fossil fuel imposed gradient.
There is general agreement among atmospheric modelers that the covariance between transport and sources/sinks constitutes an important aspect of the CO2 latitudinal gradient. In a recent intercomparison of atmospheric transport models [Law et al., 1996] , results were presented for simulations in which all models used the same seasonal source/sink pattern for an annually balanced terrestrial biosphere. The model results fell into three groups. One group, including all models with an explicit formulation for the planetary boundary layer, obtained a surface interhemispheric gradient about half as strong and of the same sign as that produced by fossil fuel burning. Denning et al. [ 1995] demonstrated that this was mostly because of the seasonal difference of vertical mixing processes: Respiratory CO2 is trapped near the surface during winter, while the summer CO2 drawdown is mixed into a much greater volume of the atmospheric column during summer. This phenomenon is commonly referred to as the seasonal atmospheric rectifier effect. A second group of models produced a very slight positive or no significant gradient. One model [Taylor, 1989] Although there is significant correlation between the latitude gradient and fossil fuel emissions for all sites, it is clear from Figure 1 and Table 1 Table 1 .
Discussion
It is clear from the scatter of the data in Figure 1 and the uncertainties of the slopes in Table 1 hypothetical trend in an annual terrestrial sink of 0.5 Gt C over that period would increase or decrease the slopes by -28%, depending somewhat on the season toward which the trend in the sink is weighted. Therefore, if we hypothesize a significant trend in the sink, the model transport of the fossil fuel signal would be inconsistent with the observed slopes. This argument is most applicable to sinks (or sources) at middle and high latitudes. The surface CO2 latitude gradient is less sensitive to tropical sources because of strong vertical mixing that dilutes the signal.
The above discussion illustrates that by comparing the observed latitudinal CO2 gradient as a function of fossil fuel emissions (Figure 1 ) with model results one may recover information about the spatial pattern of other (possibly changing) sources and sinks during the period of the observations. The hypothesis of Keeling et al. [1989] that a preindustrial latitude gradient is recovered in this extrapolation procedure is an enormous and very uncertain leap. This would require that any changes in sources and sinks at middle and high latitudes, other than fossil fuels, were either zero or proportional to fossil fuel emissions in space and time. In fact, we know that land use changes have contributed to the anthropogenic perturbation of the carbon cycle and that these changes have varied differently over space and time than fossil fuel emissions. The CO2 source due to land use changes in tropical and extratropical latitudes [Houghton and Hackler, 1995] is plotted with the fossil fuel source in Figure 4 .
We propose that extrapolating to zero fossil fuel emissions is not the same as extrapolating back to preindustrial times. Rather, it reveals the contemporary gradient, averaged over the period of the measurements, underlying the measured fossil fuel perturbed gradient. If we can trust the modeled fossil fuel CO2 gradient sufficiently, we can extract information about decadal trends in marine and terrestrial processes at middle and high latitudes. While the negative extrapolated latitude gradient in the Northern Hemisphere is consistent with a large sink, the positive gradient observed at ASC suggests the influence of, at least, a regional CO2 source, which may have exhibited a decadal trend. The only other two tropical sites with records long enough to support this regression analysis (GMI and SMO) gave intercepts not significantly different from zero. Although ASC is one of the shorter records included in this study, we have a high degree of confidence in the measurements themselves, and the slope and intercept are statistically significant. Thus, while the ASC result may appear anomalous, we will take it at face value and consider two possible sources.
A comparison of the CO and CO2 data from the air samples collected at ASC has shown a possible influence at ASC of biomass burning in Africa during August-October [Novelli et al., 1992] . It has also been shown that elevated 03 over the South Atlantic is due to biomass burning in both Africa and South America [Thompson et al., 1996] . However, we are not aware of a significant downward trend in biomass burning. A marine origin for this feature is also possible because there is a large region upwind of ASC with CO2 partial pressures in the surface waters typically 20-40 gatm higher than the atmosphere. Again, there are not enough data to determine a decadal trend in pCO2 (T. Takahashi, personal communication, 1998). Measurements do show that sea surface temperatures in this region were -IøC below normal during the E1 Nino years 1982, 1992, and 1997, which could have weakened the oceanic CO2 source (T. Takahashi, personal communication, 1998), but we do not observe anomalies in the atmospheric ASC minus SPO CO2 differences for these years. Thus, while the ASC minus SPO versus fossil fuel slope and intercept are significant, we are unable to explain the underlying process.
Conclusions
The CO2 latitude gradient is a complicated function of sources, sinks, and atmospheric transport. A simple regression analysis of long atmospheric CO2 records reveals a long-term trend in the magnitude of the gradient related to the trend in fossil fuel emissions. The regression slopes are consistent with threedimensional model results for fossil fuel only runs, suggesting that trends in other sources and sinks during the past several decades were small relative to the trend in fossil fuel emissions.
The regression intercepts, at zero fossil fuel emissions, confirm previous results showing lower CO2 mixing ratios in the Northern Hemisphere than in the Southern Hemisphere. This "negative gradient," underlying the fossil fuel perturbation, is consistent with the existence of a middle to high-latitude Northern Hemisphere carbon sink that has been proposed based on other lines of evidence.
